Objectives: To improve the mouse model of relief for unilateral ureteral obstruction (RUUO) and explore the pathological process of renal fibrosis after the obstruction was relieved. Methods: C57BL/6 mice in model group were randomly divided into RUUO group, improved RUUO group, and UUO group. After leaving Unilateral Ureteral Obstruction (UUO) for 3 days, the obstruction was released by reimplantation way in RUUO group and in reimplantation þ catheter way in improved RUUO group. C57BL/6 mice in observation group were randomly divided into 1d RUUO group, 3d RUUO group, 7d RUUO group, and 14d RUUO group. Three days after UUO, the obstruction was released by reimplantation þ catheter in four groups. We detected the renal volume, H&E, Masson staining, and immunohistochemistry of kidney pathology on the seventh day after RUUO in model group and on the 1st, 3rd, 7th, and 14th day after RUUO in observation group. Results: Comparing with mice in RUUO group, mice in improved RUUO group had lower renal volume, tubular damage score, and collagen area percentage. After the obstruction was relieved, the renal volume decreased gradually within 2 weeks. The tubular damage score in 7d RUUO group was lower than that in 1d RUUO and 3d RUUO group. However, the tubular damage score in 14d RUUO group was higher than that in 7d RUUO group. The tendency of collagen area percentage and a-SMA IOD value were consistent with the tubular damage score. Conclusions: Using the method of reimplantation þ catheter, a reliable mice model of RUUO can be got. After RUUO, the de-obstructed kidneys are still in damage and fibrosis state.
Introduction
In recent years, the incidence of end-stage renal disease caused by ON has been increasing year-by-year, resulting in an increase in dialysis costs. The ideal animal model is helpful to study the pathogenesis of disease and drug intervention [1] . UUO model has been experimented to explore the pathological features of ON for many years [2] . However, the UUO model could not effectively simulate the pathological process after the clinical recanalization, the second operation was not utilized to remove the obstruction. In contrast, the relief for unilateral ureteral obstruction (RUUO) model is an appropriate simulation of clinical recanalization of ureteral obstruction, which is more conducive to the study of renal damage and repair after the release of obstruction. At present, there are three main methods to establish the mouse model of RUUO. Among which, the method using vascular and using the ureter folding device to build model [3] [4] [5] are relatively simple to operate. However, there is no guarantee of complete patency of the ureter after recanalization and unable to measure kidney function longitudinally. Due to these two drawbacks, these two methods are not widely used. The RUUO model in which the obstructed ureter was reimplanted into the bladder after UUO [6] is the closest to the clinical ON. Whereas, due to its technical difficulty, there is less corresponding research. In our experiments, we explored this method and found that there were still some problems existed in this method, such as low success rate of recanalization and incomplete recanalization of ureter, so we made some improvements on the basis of this method. By using the modified RUUO model, we explored the pathological changes of kidney in mice after obstruction was relieved.
Materials and methods

Materials
Animals
Adult male C57BL/6 mice, aged 6 weeks and weighting 20 g, were obtained from Nanjing Medical University (Production license number: SCXK (Su 2014-0002)) and kept in Nanjing Drum Tower Hospital Experimental Animal Center (Use the license number (Su 2014-0052)). Animals were adapted for 1 week before surgery.
Experimental reagents
Hematoxylin-Eosin (H&E) staining; Masson staining; a-SMA antibody; Collagen I antibody; 10% chloral hydrate.
Experimental equipment
Surgical microscopes; Micro tweezers; Micro shear; With needle suture (model 4-0, 7-0, 10-0, round needle); Syringe (1mL, 5mL, 20mL, insulin needle); Microvascular clamp (6 mm, medium); Teflon tube (inner diameter 0.3 mm, outer diameter 0.6 mm); Digital display vernier caliper (KORLOY, range 100 mm, resolution 0.1 mm); Computer Microscope (OLYMPUS, U-TVQ5XO-3); OLYMPUS cellsens Entry camera system.
Methods
Grouping of animals
C57BL/6 mice in model group were randomly divided into RUUO group (n ¼ 10), improved RUUO group (n ¼ 10), and UUO group (n ¼ 10). After leaving UUO for 3 days, the obstruction was released by reimplantation way in RUUO group and in reimplantation þ catheter way in improved RUUO group. The standard of successful RUUO used in our study was marked no hydronephrosis, and no expansion of the ureter. Otherwise it is not complete recanalization.
C57BL/6 mice in observation group were randomly divided into 1d RUUO group (n ¼ 10), 3d RUUO group (n ¼ 10), 7d RUUO group (n ¼ 10), and 14d RUUO group (n ¼ 10). Three days after UUO, the obstruction was released by reimplantation þ catheter in four groups.
Comparison of two methods to build mouse model of RUUO Procedure of UUO model. The mouse was anesthetized by using 10% chloral hydrate, the limbs were fixed on a heated surgical pad while the abdominal cavity was open. A midline laparotomy and an incision of the avascular linea alba were made by using tissue separating scissors to gain access to the peritoneal cavity. Sterilized cotton buds were used to expose the left ureter by displacing the intestines toward the right side of the abdominal cavity. Angled forceps were used to isolate and lift the left ureter. To create a ureteric obstruction, the left ureter was ligated twice with 7/0 black braided silk suture anywhere between the bladder and renal pelvis. The top of the line to retain a certain length of the thread. The ureter was divided between the two sutures in order to isolate the bladder from the ureter. At last, the intestines were replaced into the peritoneal cavity carefully, the incision was closed and the anesthesia was reversed.
Procedure of RUUO model. The methods in RUUO group. Three days after UUO, the obstruction was released by reimplantation way in RUUO group. Preoperative preparation was the same as the former. The abdominal cavity was opened from the original incision. Identification of the black 7/0 silk tie used to tie the left ureter in the first operation usually aimed to locate the obstructed end. The ureter is inserted into the bladder [6] : A 20-mL syringe was pushed through into the bladder from the left-hand side, into its cavity, and out again through the right-hand side. A pair of fine forceps was used to hold the sharp end of the needle. The needle and forceps were then pushed through into the bladder and out again in a right-to-left manner. The forceps were adopted to grasp the distal end of the ligated ureter which enabled the ureter to be pulled into the cavity of the bladder and out again through the other side. A vascular clamp was taken to secure the distal end of the ureter and prevent it from slipping back into the bladder cavity. Using 10/0 nylon monocryl wire, four or five evenly spaced interrupted sutures were placed to stitch the ureter to the wall of the bladder on the left (Figure 1(A-C) ). Methodology in improved RUUO group. The procedure for inserting the ureter into the bladder and suturing the ureter and bladder was the same as that in RUUO group. After suturing the ureter and bladder, the half of the ureteral wall in the 7/0 silk tied up the top 5 mm was cut and a gush of urine could be seen. Under the guidance of the insulin needle, a diameter of 6-9 mm PTFE tube was pushed into the ureteral cavity with tube mouth exposed 1-2 mm. The end of the ureter was cut off and repaired. The end of the ureter and polytetrafluoroethylene tube was put back to the bladder as a whole. The anterior wall of the bladder was sutured and the abdominal cavity was rinsed with the raw salt water. The incision was closed and then the anesthesia was reversed (Figure 1(A-F) ). 
Collection and treatment of specimen
The mice were killed at 1st, 3rd, 7th, and 14th day post-RUUO and the bilateral kidneys were removed. The half of the kidney was fixed at 10% formalin and the other half of the kidney was stored in a refrigerator at -80 C.
Renal volume and conventional staining of kidney tissue
The kidney tissue fixed with 10% formalin solution for 24 h was made into 3 lm paraffin sections. H&E staining and Masson staining were performed according to conventional methods. The kidney histological sections were quantitative analyzed according to Image Pro Plus 6.0.1. H&E staining of renal tubular injury score. The percentages of histological changes in the kidney tissue were scored using a semi-quantitative scale designed to evaluate the degree of tubular necrosis as follows [7] : Immunohistochemistry. The expression level of a-SMA and collagen I in kidney were assessed in paraffin-embedded kidney sections (4-mm-thick).
Immunohistochemical staining was performed as described previously [8, 9] . The results were conducted quantitatively by using Image Pro Plus 6.0.-1 system and ten high-power fields (400Â magnification) were analyzed separately for each immunohistochemical reaction in renal tissue. 
Results
Results in model group
The rate of successful reversal of obstruction
On the seventh day after RUUO, all mice in model group were dissected and we found that the ureters of two mice in RUUO group were completely blocked by the blood clots. The catheter of one mouse in improved RUUO group was completely blocked by blood clots, the catheters of two mice were incompletely blocked by blood clots, and the rest of the mice were completely recanalized. The rate of successful reversal of obstruction in improved RUUO group was 70%. All mice in RUUO group were incompletely recanalized. Mice with re-canalization failure were discarded.
Renal volume
We compared the degree of hydronephrosis in RUUO and improved RUUO group on seventh day post-RUUO and tenth day post-UUO in UUO group. The results showed that obstructed kidneys in UUO group were characterized by hydronephrosis, thinning of renal parenchyma and significantly expanded renal pelvis ( Figure 1(G,P) ). Hydronephrotic in RUUO group is not obvious compared with that in UUO group. A certain degree of hydronephrosis in RUUO group suggested that the ureter still has some degree of obstruction ( Figure 1 (H,J,Q)). The opening of the ureter was blurred insulin needle, a diameter of 6-9 mm PTFE tube was pushed into the ureteral cavity with tube mouth exposed 1-2 mm. and sticky in RUUO group when the bladder is cut open (Figure 1(I) ), which suggested the ureter is incompletely recanalized. When the obstructed kidneys were released by reimplantation þ catheter way, the volume of de-obstructed kidneys were smaller than that in contralateral unobstructed kidney (CUK), and there was no obvious hydronephrosis in the renal pelvis ( Figure  1(I,M,R) ). When the mouse bladder is cut, the catheter was seen in place smoothly (Figure 1(N,O) ), which suggested the ureter is completely recanalized. The catheter of one mouse in improved RUUO group was completely blocked by blood clots and its performance was consistent with that in UUO group, two mice whose catheter were incompletely blocked by the blood clots showed minor hydronephrosis, similar to that in RUUO group. (Figure 2(A) ).
Renal histopathology
De-obstructed kidneys in RUUO group at 7 days post-RUUO showed renal tubular disorder, brush border loss, lumen expansion, tube formation and the damage and fibrosis still can be observed. Masson staining presented that the de-obstructed kidneys in RUUO group showed a distinct blue staining area, which was mainly distributed in the renal interstitium. The renal histopathology in improved RUUO group was better than that in RUUO group (Figure 3) . The tubular damage score in RUUO group (4.38 ± 0.74) was higher than that in improved RUUO group (3.14 ± 0.69) (p < 0.05, Figure  2 (B)). The tendency of collagen area percentage was consistent with the tubular damage score (Figure 2(C) ).
Results in observation group
The obstruction was released by reimplantation þ catheter way in observation group. The catheters of two mice in 1d RUUO group were completely blocked by blood clots resulting in recanalization failure. The catheters of three mice in 3d RUUO group were completely blocked by blood clots. One catheter of mouse in 7d RUUO group was completely blocked by blood clots and one catheter detached causing incomplete recanalization. In 14d RUUO group, one catheter of mouse detached and one mouse died before the experiment stopped. We dissected the dead mouse and found that there was a significant abdominal infection. The rate of successful reversal of obstruction in observation group was 77.5%. Mice with re-canalization failure were discarded. 
Renal volume
We compared the renal volume of four groups and found that all the de-obstructed kidneys in 1d RUUO group were characterized by hydronephrotic, thinning of renal parenchyma, and the renal volume was obviously larger than the CUK (Figure 4(A) ). The hydronephrotic in 3d RUUO group was relieved compared with that in 1d RUUO group, and the renal volume was slightly smaller than CUK (Figure 4(A) ), meaning that the obstruction was successfully relieved. The hydronephrotic in 7d RUUO group was relieved compared with that in 3d RUUO group, and the renal volume was significantly smaller than that in 3d RUUO group and CUK (p < 0.05, Figure 4 ). The renal volume in 14d RUUO group was smaller than that in 1d, 3d, and 7d RUUO group (p < 0.05, Figure 4) . However, as can be clearly seen from the color of the kidneys, the degree of hydronephrotic in 14d RUUO group was deeper than the other three groups and CUK ( Figure  4(A) ), implying that the kidneys shrunk. De-obstructed kidneys at 7 days post-RUUO showed renal tubular disorder, brush border loss, lumen expansion, tube formation in RUUO group, and the damage and fibrosis still can be observed. The renal histopathology in improved RUUO group was better than that in RUUO group, which was still more serious than the CUK. 
Renal histopathology
The pathology of kidneys undergoing 3 days UUO was considerable tubular injury after 1 day of RUUO, as manifested by tubular dilatation and epithelial cell flattening (and loss of brush border in the proximal segments). As the time of de-obstruction is prolonged, the degree of renal fibrosis was gradually reduced, accompanied by the recovery of normal histological appearance within a week. On seventh day after RUUO, decreased renal tubular damage and a gradual return toward normal histology were apparent in kidneys. However, on day 14 post-RUUO, the degree of kidney damage was aggravated, manifested as inflammation, tubular atrophy and interstitial fibrosis ( Figure 5 ). Tubular damage score in 1d, 3d, 7d, and 14d RUUO group was 4.88 ± 0.35, 4.43 ± 0.79, 3.25 ± 0.71 and 4.75 ± 0.47, respectively. There were statistical differences among four groups (p < 0.05, Figure 6 ). As for Masson, there was obvious blue staining areas in 1d, 3d, and 14d RUUO group, mainly distributed in renal interstitium. 7d RUUO group had reduced blue areas compared with 1d, 3d RUUO group ( Figure 5 ). The proportion of collagen area of CUK and deobstructed kidneys in 1d, 3d, 7d, and 14d RUUO group was 0.14 ± 0.13% vs 1.13 ± 0.84% (p < 0.05), 0.05 ± 0.03% vs 0.53 ± 0.21% (p < 0.05), 0.17 ± 0.27% vs 0.30 ± 0.21% (p > 0.05), and 0.05 ± 0.04% vs 0.78 ± 0.79% (p < 0.05, Figure 7(A) ). The immunohistochemical results of collagen-I were consistent with the results of Masson staining ( Figure 5 ). The expression of collagen-I of CUK and de-obstructed kidneys in 1d, 3d, 7d, and 14d RUUO group was 0.06 ± 0.01% vs 0.53 ± 0.12% (p < 0.05), 0.04 ± 0.01% vs 0.33 ± 0.07% (p < 0.05), 0.06 ± 0.01% vs 0.07 ± 0.03% (p > 0.05), and 0.04 ± 0.01% vs 0.44 ± 0.06% (p < 0.05) (Figure 7(B) ). Immunohistochemical staining of renal a-SMA showed that the expression of a-SMA in 1d, 3d, and 14d RUUO group was significantly increased. The expression of a-SMA in 7d RUUO group was low and mainly expressed in the small vessel wall as well as in the periphery of glomerulus and renal tubule ( Figure 5 ). The expression of a-SMA of CUK and de-obstructed kidneys in 1d, 3d, 7d, and 14d RUUO group was 16582.90 ± 4114.84 vs 44499.41 ± 7928.23 (p < 0.05), 22892.77 ± 14315.49 vs 38907.00 ± 7337.67 (p < 0.05), 17585.28 ± 7203.37 vs 19644.91 ± 8942.41 (p > 0.05), and 17793.53 ± 10832.55 vs 59355.14 ± 14360.67 (p < 0.05, Figure 8 ).
Discussion
ON is a common cause for CKD. In the pathological process of CDK, the ureteral obstruction resulted in various pathological alterations such as increased pressure of ureter, decreased blood flow of kidney. These pathological alterations effectively activate the reninangiotensin system which will eventually upregulate the expression of angiotensin II (Ang II). The increased expression of Ang II aroused numerous of pathological process such as upregulated the expression of transforming growth factor b1 (TGF-b1), renal interstitial cell infiltration and renal tubular apoptosis. All of the above lead to the progressive development of ON eventually [10] [11] [12] [13] . The in-depth study of many mechanisms benefits from the mature and stable UUO model. Many studies have exhibited that renal function will continue to deteriorate until the terminal stage after the obstruction was relieved and the history of renal obstruction is an independent risk factor for CKD [14] . However, few researches were conducted on the intervention after release of obstruction. There is no recognized and stable RUUO model allowed for study of longitudinal changes because the renal parenchyma is lost completely in a few weeks. It has been more than 10 years since the first report of RUUO model in mice [3] . However, no more than ten articles have been reported in this decade and there was no recognized surgical procedure to date. Further research on ON depends on a reliable, standardized, repeatable mouse model of RUUO.
The main problem with mouse model of RUUO was that ureteral injury due to ligation or clipping can lead to ureteral adhesions, which causes reversible failure. The study by Puri in 2010 [4] and by Chaabane et al. in 2012 [5] have referred to the success rate of the reversal procedure. Using a model of ureteral clamping, Puri et al. found the success rate of recanalization was less than 20%. Chaabane et al. described a simple, inexpensive, and reproducible mouse model of RUUO accompanying the rate of 62% ureteral patency by using silicone catheter. Obviously, the rate of successful reversal of obstruction of these two methods was not high. The RUUO model in which the obstructed ureter was reimplanted into the bladder after UUO [6, 15] is the closest to the clinical ON. But their study did not report the success rate of ureteral recanalization. In our experiments, we explored this method and found that there are still some problems existing in this method. So, we made some improvements to this method.
The criterion for successful recanalization was that the kidneys show no expansion and no effusion of the renal pelvis. The failed recanalization included complete obstruction and incomplete obstruction. Complete obstruction of the kidneys was characterized by thin kidney parenchyma, kidney water-like severe hydronephrosis, and significant expansion of ureteropelvic ureter. The degree of renal hydronephrosis in incomplete obstruction was lower than UUO, and the renal volume could be reduced, but a small amount of effusion was still visible. We used the method of Tapmeier et al. [6] in our experiments. The distinction between the puncture bladder and traction ureter were completed by 20 mL syringe needle while other instruments were used in Tapmeier's study. And the obstruction time in our study was 3 days not 7 days. But we noted the renal pelvis still has a certain degree of expansion at 7 days post-RUUO. When the bladder was cut open, we found that the ureteral segment was wrapped in connective tissue. The renal pelvis injected with dye confirmed that the obstruction was at the incision of the ureter. It can be speculated that the change was brought by injury which was caused by cutting the ureter. In order to solve this problem, the clinical practice that the catheter placed after ureteral surgery to prevent ureteral strictures was referred in present study. Therefore, an appropriate catheter was placed in the ureteral bladder connection to prevent ureteral stenosis. The results showed that in RUUO group, except for two mice whose ureters were completely blocked by the blood clots causing failure recanalization, the rest of the mice had a certain degree of hydronephrosis, all of which were incompletely recanalized. Comparing with mice in RUUO group, mice in improved RUUO group had lower renal volume, tubular damage score and collagen area percentage. In our study, 50 mice were modeled using the improved RUUO method. The catheters of seven mice were completely blocked by blood clots, two mice were incompletely blocked by blood clots. Two catheters of mice detached and one mouse died before the experiment stopped. The rest of the mouse were completely recanalized with no effusion in renal pelvis. The rate of successful reversal of obstruction in our study was 76%.
The RUUO model in Hesketh's [15] study is an improved model based on Tapmeier's study [6] . The difference is that in the first obstruction surgery, the silicone catheter cut longitudinally was wrapped around the ureter and ligation fixed in front of the ureteral ligation. They thought that the silicone catheter could restrain the ureter to prevent its excessive expansion and make the anastomosis to the bladder easily. We adopted the method of Hesketh et al. in our experiments; however, we found that silicone catheter placed in the abdominal cavity had caused severe adipose adhesion. The ureteral segment was surrounded by the adipose tissue which mainly around the testis. Separation of adipose tissue caused bleeding and ureteral injury. Tipu et al. [6] have noted that abdominal adipose tissue is an important cause of surgical failure. The conclusions of Tapmeier et al. [6] and the results of our study both presented that the expansion of the ureter does not impede the anastomosis to the bladder. Thus, one of the shortcomings of RUUO model in Hesketh's [15] study is the adipose adhesion. The advantage of using insulin needle as a guide wire during catheterization process in our study is the easy access to operate and the increased success rate of catheterization. In addition, we can draw urine from the ureter during catheterization to detect urine biochemical markers.
Using our improved mouse model of RUUO, we have found that after ureteral recanalization, the degree of renal fibrosis gradually alleviated within a week. On day 7 after RUUO, the indexes of renal fibrosis were significantly lower than 1d, 3d RUUO group with the increase of blood flow and the disappearance of tissue edema after the obstruction was relieved. These results are consistent with the previous researches on RUUO models [6, 15] . However, at 14 days after RUUO, the degree of renal fibrosis began to gradually increase, suggesting that the obstructed renal tissue was not completely repaired and progressed to chronic lesions. This is consistent with the conclusion reached by Tipu et al. and Chan et al. [4, 16] . They have found that renal function will deviate away from the baseline when the date of obstruction is longer than or equal to 3 days, which may degenerate into the pathological process of CKD in the later stage. Inflammation is appreciated as a highly regulated process that plays an important role in pathogenesis of CKD. Of the inflammatory cells, F4/ 80þ cells of monocytic lineage were the most prominent in the process of kidney injury [4] . Macrophages are well recognized for their pathogenic role in kidney inflammation and fibrosis [17] . Research by Chaves et al. demonstrated that depletion of mononuclear macrophages using liposomal clodronate during injury and repair altered the susceptibility of C57BL/6 mice to development of CKD in their RUUO model [18] . So, we speculated that the deterioration of renal fibrosis may be associated with infiltrating mononuclear macrophages in kidney tissue. In our next study, we will further study the specific mechanisms by depleting and transfer mononuclear macrophages using improved RUUO model.
In summary, surgery to relieve the obstruction is not the end of ON. To promote renal repair to the maximum extent while renal obstruction is relieved, which is undoubtedly an important step in delaying the progression of renal disease.
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